Introduction
As the studies inspired by the cultural-historical activity theory show the concept of object is most useful when analyzing complex activities across organizations (Foot 2002 ). The question is actually: What is being pursued and produced in and through networks, and why do the participants make the effort to create and sustain collaboration? These object-oriented questions helped me analyze learning in a small-firm network, which was the topic of my doctoral dissertation (Toiviainen 2003) . The main finding of this study suggested that in order to survive, evolve, and learn, as a network, the participants had to produce multilevel activities directed towards multiple and sufficiently powerful objects of collaboration. In this paper, I wish to share and discuss this finding: the power of the multi-level objects in shaping learning in networks.
Talking about objects, and artifacts in a broader sense denotes a "salient aspect of a practice-based vocabulary", as Nicolini, Gherardi and Yanow (2003) discuss.
"Unlike in other approaches, here these artifacts do not play a merely background role. On the contrary, they participate actively in the stories, carry history, embody social relationships, distribute power, and provide points of resistance" (ibid., 22, 23) . Trying to capture the dynamics of objects by modeling them contains an obvious risk of freezing and formalizing something that is in 1 Researcher, PhD, University of Helsinki, Center for Activity Theory and Developmental Work
Research, e-mail hanna.toiviainen@helsinki.fi continuous move and change. My intention to visualize learning goes with the pedagogical purposes to find tools for the shared analysis on learning across communities.
The practices of small metal-working subcontracting companies in Finland formed the empirical field of my study. Networks and networking presented a collaborative challenge for these firms in the beginning of the 1990s, marked by the economic depression, and by the concurrent reorganization of the subcontracting system initiated by the customer companies. Joint production became a new leading activity for horizontal collaboration among subcontractors.
Pursuing production in networks was not, however, a straightforward undertaking for the actors in and across the small firms. The formation of networks engendered a variety of activities directed at their own objects and outcomes of collaboration.
In the first part of this presentation, I will follow the collaborative processes and the emerging objects within a small-firm network called the Club and its subnetworks. The outcome of the research narrative and analysis will be a multi-level model of learning, which builds on the activity-theoretical conceptualization of the expansive learning (Engeström 2001a) . The second part discusses the notion of multiple levels and the significance of object-orientedness with three streams of network analysis each proposing a distinct view of the topology and subject matter of networks. The concluding part turns back to the expansive learning and discusses some perspectives offered by the findings of my analysis.
Learning in the Club network: creating multi-level objects
Networks as a recent mode of organizing the capitalist production emerged toward the end of the twentieth century, challenging and intervening in the market-driven and hierarchical modes of organization (Powell 1990 ). The emergence of the new is contradictory and paradoxical: The importance of trust and flexibility are proclaimed, while, at the same time, the long-term commitment and social responsibility often seem to fall short in the management of the contemporary business. The tension-laden relationship between the network-ideology and the mundane reality of subcontracting firms of the metal-working industry energized the learning of a group nicknamed The Club that I started to study in the mid-1990s. When sitting in the Club's meetings and listening to the debates of the manager members of the firms, I wondered what might sustain this network of eighteen small companies. Certainly, it would not take an organization to gather together, to foster trust, and discuss the potential of the network collaboration at the level of principle. Two questions related to learning emerged:
One, how do these small and rather traditional metal-working subcontracting companies learn to work together in a new way, and, two, when pursuing collaboration, what do they learn and achieve?
Turning to the contemporary scholars of networks soon revealed that neither the typologies nor the evolutionary models could satisfactorily explain the nature and learning dynamics of the Club. Confusingly, the Club seemed to be a mixture of network types.
1 In addition, subsequent evolutionary phases of the early history of the network seemed to be directed at objects of their own, thereby lacking continuity in their overall orientation. The first research question addressed this
problem: What do network typologies and network evolution tell about learning when interpreted through developmental contradictions and expansive learning?
Both typological features and the evolutionary phases revealed the multilayeredness of the Club's activity, which -as I anticipated -reached much beyond the network-ideological discussion. New levels emerged as the participants solved the developmental contradictions, which is depicted with the help of the expansive learning model (Figure 1 ). 2 The levels were named the network-ideological level, the project level, the production level and the worker level.
The most important characterizing feature of each level was the object of collaboration, in other words, what was pursued and produced in a network. The network-ideological level was predominant and easily captured in the history of the Club. The project level was apparent while explicitly discussed and planned by the members in the Club meetings. Activities at the production level among subgroups of the entire network also took place even though somewhat underneath the more visible and obvious levels. The worker level, including the idea of expanding the Club activity to permeate the member firms, was articulated in the meetings, and defined by the researcher as the zone of proximal development, mapping the gray area of learning in the near future. But, so defined, the worker level was missing from the picture and remained invisible to a researcher's eye. 
Network-ideological level

Figure 1
The cycle of expansive learning of the Club 1991-1997: the birth of the tension-laden levels (lightning-shaped arrows are tensions, gray area suggests the zone of proximal development)
The model of the levels formed a research hypothesis guiding my study. I wanted to explore what was learned on each level and whether learning outcomes were mediated across the levels "from-below" and from-above" (Figure 2 ).
Learning at the network-ideological level
The learning outcome at the network-ideological level was the creation of the Club as such. The members needed a forum of long-term trust and showcase for the collaboration to attract customers and other relevant interest groups. However, in order to augment trust and build a showcase, the network-ideological level had to be nourished by other levels where the concrete projects were run (Figure 2 ). completely articulated and agreed upon. It was not followed by the whole network but rather by the sub-networks referring to the production activities of groups of two or three member firms (Figure 3 ). This suggests that something new was emerging at the production level (in place of lower-plane model), and I will come back to this notion after presenting the remaining two levels of learning. 
Figure 4
Learning at the project level of collaboration
Learning at the worker level
The learning outcomes explored at the "upper" levels of collaboration challenged the practices of the workers in member firms. But were the workers ready to take the challenge? Two years of fieldwork had given the impression of a skilful and Our intervention brought to light the tension between the manager perspective and the worker perspective on networking. Nevertheless, by encouraging dialogue across the boundaries of organizations we could support the worker-level learning in networks. The participants created objects of collaboration, such as teamwork development, which helped them expand the perspectives on their work, and allowed them to learn from practices in other firms. This kind of objects acted simultaneously as tools for organizing collaboration, which is signified by the concept of boundary object (Star 1989; Star & Griesemer 1989; Bowker & Star 1999 ) in Figure 5 . 
Partnership level
Figure 5 Learning at the worker level of collaboration and redefined hypothesis of learning across levels (gray area suggests the zone of proximal development)
The main statement at the worker level was that learning was not possible until the new, intermediate level of collaboration had emerged, namely the partnership level. Partnership referred to the collaboration within the subgroups of the network, such as the Alliance, being more focused and business-oriented in nature than the Club as a whole.
The level of partnership was needed, above all, to mediate learning-fromabove, in other words, to bridge the gap between the visions of networking and the practice of production across the firms. The zone of proximal development of learning in networks, which was first set in terms of the emerging worker level, was finally redefined. The major learning challenge points now at the partnership level and at its capability of encouraging learning-from-below, and transforming the creative actions of production units and workers.
As the result, the initially puzzling notion on levels was finally possible to articulate as the levels of network activity now renamed as network organization activity, project-modeling activity, production activity, developmental activity and the new emerging partnering activity.
Learning from-below
Network organization activity 
Figure 6
Learning across levels; partnering activity in the zone of proximal development (big arrows: zone of proximal development, small arrows: direction of learning across levels, lightning-shaped arrows: critical crossings)
Learning, in this framework, means the dynamic interplay of multiple levels.
Interestingly, the evolving model of coexistent and tension-laden levels simultaneously presents an intermediate tool for hypothesis-forming and the final result of my study. I suggest that this double role of modeling -as both tool and outcome -is one of the resources offered by the cultural-historical activity theory approach, in which the object-orientedness is of crucial importance.
The problem of levels in the network topology
The most central finding of my study is associated with the notion of the multilayeredness of networks, which resulted from following the object-oriented The magnitude of hierarchical control, in coordinating the network activities, is one of the criteria of classifying governance structures of networks (Gulati & Singh, 1998) . Burt (1992) , formulating the theory of structural holes, distinguishes between flat and hierarchical network types that offer different kinds of opportunity and constraint environments for managers (or "players" in general terms). Chisholm (1989) , on the other hand, contributes to a theory of coordination by informal mechanisms, as opposed to the ideal of a hierarchical control and vertical integration of multiorganizational systems. Actor-network theory (ANT) Latour, 1993; Law & Hassard, 1999) approaches the topological questions from the point of view of overcoming the duality of micro and macro levels of analysis, maintaining that networks are long and remain flat on all points.
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The theories of structural holes, coordination without hierarchy, and actornetwork appear as important discussion partners to reflect on the notion of levels.
The theories selected address structural and processual issues and the vertical dimension of networks, avoiding the abstractness of the most formal network analyses. 5 I will take up relevant network topological notions of these theories that help formulate my own arguments. The aim is not to put forth a comprehensive presentation and critique of them.
Structural holes
Relations that cross the frontier involve continual negotiation between the expectations of the manager and the expectations in the world across the frontier (Burt 1992, 163) . Burt (1992) addresses social networks of players (people and organizations) as a source of social capital, meaning both the resources contacts hold and the structure of contacts in a network (ibid., p. 12). 6 The network benefits in the competitive arena are of two kinds, information and control, and, as Burt points out, certain structures can enhance those benefits (ibid., p. 13).
Structural holes deal with discontinuities in social structure. Burt elaborates Granovetter's (1973) weak tie argument. Weak ties connect people in separate clusters (internally connected by strong ties) and are essential to the flow of information that integrates otherwise disconnected social clusters into a broader society, as depicted in Figure 7 (ibid., p. 26). Burt wants to emphasize that the causal agent in the phenomenon (that is, the strength of a weak tie) is not the weakness of a tie but the structural hole it spans (ibid., p. 27).
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Figure 7
Structural holes and weak ties (Burt, 1992, p. 27) The player whose network is rich in structural holes possesses lots of entrepreneurial opportunity by gaining information and control benefits. In other words, a player has structural autonomy in a network (ibid., p. 44). Managers can select either flat networks, in which no single contact is significantly more central than others, or hierarchical networks built around one or two strategic partners (ibid., p. 157). Flat-structured networks can be small, dense cliques (everyone connected) or large entrepreneurial networks (a lot of disconnected contacts).
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Hierarchical networks are also two types, based on who is selected as a strategic partner at the top of the network, the boss or someone else (Burt, 1992, pp. 157, 158) . These four types are kinds of negotiating environments, with characteristic hole signatures for each of them. Hierarchical networks are rich in structural holes in the sense that density is low, but, simultaneously, a player is dependent on and constrained by the strategic partner who possesses the holes, other contacts being largely disconnected.
Obviously, the Club is a flat-structured network, perhaps initially even a clique type, characterized by strong ties (everyone connected), in that the CEOs of all member companies get together regularly in joint meetings. Structural holes would offer an interesting point of view to the activities of the Club. Was the network in question initially formed as too dense a group, without paying attention to structural holes that it should span to gain information and control benefits? Or was the situation just the contrary: the Club provided the players with structural autonomy that freed the members to try diverse ways to get higher rates of return, which Burt (1992, p. 195 ) calls player heterogeneity? These questions together might contribute to the explanation of the Club, developing from an ideal to a multi-level network. The emerging levels, bringing about heterogeneity, revealed (and certainly created) structural holes that added information and control benefits -social capital, in general -to the Club.
There are also some limitations to applying structural holes. This approach best lends itself to an analysis of the strategies of individuals and single firms, not of the entire networks pursuing a joint production. 9 The emergence of levels would probably be interpreted (besides as player heterogeneity) as a single member's strategies to manage the constraint of an absent hole and to develop the of a single player is not apt to reveal the multi-layeredness of the objects of collaboration.
Burt's approach is dynamic, but significantly structural. Structural autonomy and hierarchical networks clearly address power and control issues of competitive strategies in and across networks. But power is only one way of thinking about multiple levels observed in networks. Another way is seeing them as levels of activity, creating different but coexistent systems and objects. An analysis of the heterogeneity of activities, created in interaction across the organizational positions (not only managers at various ranks), requires complementary approaches.
Coordination without hierarchy
Because they are flat, they cannot and do not coordinate by hierarchy. But they are marked by extensive lateral coordination, which occurs at virtually every level of activity -producing an overall system that is quite resistant to serious disruption (Chisholm, 1989, p. 12). Chisholm (1989) does not address discontinuities in social structure, but starts from the concept of "multiorganizational suboptimality." It is the term used to criticize the coexistence of incompatible goals, avoidance of responsibility, and costly duplication and overlap associated with multiorganizational systems in the public sector. The underlying idea is a false assumption that the key to problems of coordination is hierarchical organization (ibid., p. 5). For Chisholm, to coordinate is not to centralize (ibid., p. 13).
Chisholm has studied the transit activities in the San Francisco Bay Area and points out that one of the principal mechanisms, a "shadowy, elusive mechanism," for coordinating them is a system of informal channels, behavioral norms, and agreements (ibid., p. 11). Informal organization and loosely coupled systems have many virtues, as opposed to the situation in a formal hierarchy. They tend to be flexible and adaptive. Roles and definitions of tasks are continuously redefined on the basis of experience and negotiation. Such organizations are problem oriented and pragmatic (Chisholm, 1989, p. 12) . Where Burt (1992) focuses on individuals and single firms pursuing their self-interest, Chisholm addresses shared interests for coordination. The primary motive for those informalities to occur is to reduce uncertainty through interorganizational coordination (Chisholm, 1992, p. 38 Throughout the study, Chisholm (1989) discusses informal mechanisms as contrasted with formal ones, flatness contrasted with hierarchy (cf. Burt, 1992) .
Making the informal formal should be carefully considered. He suggests using the general rule that no more machinery be used than is absolutely necessary to provide a satisfactory level of coordination (Chisholm, 1989, p. 191) .
As a network, the Club differs from the complex multiorganizational transit system that developed over time in a certain geographical area. Nevertheless, the question of formalizing the informal without building a hierarchy is highly relevant from the point of view of the Club. This was one of the main dilemmas of modeling the project activity. The levels of collaboration, in this framework, might be interpreted as subsets of informal communication and coordination for making up the entire system of the Club. The members were wise enough not to formalize the collaboration that emerged among the subnetworks, and the Club remained a loosely-coupled system.
The problem in Chisholm's pattern of thinking stems from his way of interpreting subsets as channels of communication. Alternatively, they might be interpreted on the basis of differing objects of collaboration. Chisholm does not focus on the object; perhaps it was so obvious in his research case, namely the public transit system of the San Francisco Bay Area. In the case of the Club, that kind of relatively clear and concrete umbrella task was missing. It is hard to give reasons why any of the levels would be more informal than, say, the Club organization, founded as an outcome of the network-ideological level collaboration.
Coordination without hierarchy enriches the picture of interaction taking place in multiorganizational systems, as compared with the hierarchical, manageroriented approach of structural holes. On the other hand, it seems to overlook the significance of the objects of collaboration as a motivating force for the informal practices of the subsets.
Actor-network: local and long
You do not have to choose your level of analysis at any given moment: just the direction of your effort and the amount you are willing to spend. Either you can, intensively, know much about little, or, extensively, little about much (Latour 1996, 240) .
Actor-network theory (Callon, 1986; Callon et al., 1986; Latour, 1993; Law & Hassard, 1999) brings into discussion elements that can be read as critical comments on the structural network analysis (Burt, 1992) , on the distinction between the formal and informal (Chisholm, 1989) , and on approaches based purely on human interaction without observing material artefacts (Chisholm, 1989; Burt, 1992) .
By adding nonhumans, machines and facts, to networks, collectives have changed their topography, Latour (1993) argues. The distinctions of global-local or universal-contingent are no longer valid. Networks are lengthened; they should be looked at as one looks at gas lines and sewage pipes, not as transformable into systematic and global totalities (Latour, 1993, p. 117) .
11
Between the lines of the network there is, strictly speaking, nothing at all: no train, no telephone, no intake pipe, no television set. Technological networks, as the name indicates, are nets thrown over spaces, and they retain only a few scattered elements of those spaces. They are connected lines, not surfaces (Latour, 1993, pp. 117, 118) . Callon (1986) presents some central concepts of ANT and applies them to the case of the electric vehicle, the VEL. The actor-world, contributing to the project in question, included "the electrons that jump effortlessly between electrodes," as well as "the consumers who reject the symbol of the motor car and who are ready to invest in public transport" (ibid., p. 23). 12 Similarly, the Ministry of the Quality of Life (regulations about the level of acceptable noise pollution), Renault (a manufacturer of car bodies), improved lead accumulators, and post-industrial society are listed. None of these ingredients can be placed in a hierarchy, or be distinguished according to their nature, Callon claims. "The activist in favour of public transport is just as important as lead accumulators which may be recharged several hundred times" (Callon, 1986, p. 23 ).
An equal status of all elements means that, in the absence of one ingredient of the actor-world, the whole would break down. The construction of an actor-world is not a predetermined process. Its heterogeneous entities are drawn from a plurality of different and incommensurate worlds (ibid., p. 24). This is done by translation. This includes, first, translators, spokesmen of the entities to be enrolled, second, a geography of obligatory points of passage, a process by which the actor-world renders itself indispensable, and, third, displacement by which entities are converted into inscriptions and movements of materials and money.
Translation cannot be taken for granted. It may be challenged by the very entities to be enrolled. In Callon's example case, Renault challenged the VEL and started to speak for its own network. The actor-world, constructing the VEL, began to fall to pieces.
Methodologically, the actor-network theory takes a big leap from structural network analyses. Heterogeneity, which in Burt's work referred to the variety of strategies of an individual player, means here that material entities should be linked as actors of equal status to humans. This socio-material or sociotechnical perspective, together with the principle of following the actors in their translation endeavors, makes a network analysis dynamic and processual. In fact, this is what I tried to do in the analysis of the Club. I followed not only the members and subgroups, but also the outcomes of the Club collaboration, projects, models, products, and components. The strength of the emerging ties within the Club or between the Club and its partners can only be assessed in terms of the objects and outcomes of collaboration.
However, my activity-theoretical understanding of heterogeneity differs from that of the ANT. 13 The social and the material may have an equal status in the process of production, but heterogeneity refers here, above all, to the object of collaboration. What I defined as levels would in an ANT-framework only reflect the direction of my effort and the amount of energy I was willing to spend, as Latour (1996) suggests. It even might be difficult to convince an actor-network theorist that the distinct levels take shape within one and the same network. The
Club started from a network-ideological basis and had initially apparent difficulties in expanding its project activities. The Club failed to translate the needs of customers, or the idea of product development, or expectations of member firms. Just like Electricité de France with its plan for the VEL, the Club was unable to determine the identity of the elements of the actor-world and to regulate their behavior and evolution (Callon, 1986, p. 25) . But, unlike the VEL, the Club did not fall apart. At the network-ideological level, it continued to exist in a more limited form than was initially planned. But the work of translators bore fruit at other levels, which in no way were disconnected from the Club context.
Actor-network theory is similar to the two other theories (Burt, Chisholm) in two respects. First, it has little to offer to understand the vertical dimension of networks beyond the power hierarchies (it rejects the existence of hierarchy and levels as a false distinction between micro and macro sociology). Second, uncertain and contradictory as the entities of the actor-world are, the object of collaboration, nevertheless, is given in technological networks ("the VEL").
Finally, seeing networks as endless processes is both the strength and weakness of the theory. I suggest that object orientation offers a promising starting point for developing network analyses that combine structural approaches ("object-world") with process analyses ("object-constructing network").
Discussion
I specified the levels of collaboration and learning as levels of network activity that create their own objects. A dynamic aspect stems from analyzing these levels together in a tension-laden juxtaposition and interaction. This can only be done by means of a historical approach, by following the processes in the practices of network collaboration.
The need to define multiple levels, in the case of analyzing the Club, came from the original obscurity of the object of collaboration. In much of network research, the object is assumed to be known and, thus, more or less taken for granted. I argue that a lot of network dynamics is missed by overlooking the multi-layeredness and emergent nature of the object. The possibility of identifying multiple levels within one and the same network reveals the simultaneous fragility and robustness of collaboration. In a breakdown of one level, collaboration will be carried over at another level of activity.
Each level of collaboration was analyzed in terms of what kind of objects were emerging, and whether these objects were sustainable enough to become the objects of learning in networks. It turned out, among other things, that the objects that were created at network organization and project-modeling activities were not easily transferred and adopted at the levels of production and developmental activity, which were carried out mainly by the workers in and between the single member firms. The fifth level, the level of partnering activity, seemed to be needed to mediate learning "from above", from the general network practices to the specific practices of production and development of work. Furthermore, the partnerships (formed by subnetworks among a larger network organization) supported and enhanced the workers' learning by encouraging collaborative object creation across organizational boundaries.
The levels of network activity bring a new perspective into expansion and expansive learning. The cycle model was designed to capture collective learning processes of communities and organizations, having been formed to carry out certain societal ends. 14 Levels may help to capture learning processes in a situation in which the activity is scattered across multiple systems -the situation addressed by the third generation activity theory (Engeström, 2001a) .
Levels also hint at an alternative course of development, namely that of disintegration and regression. Is this what we will witness more and more frequently in the transition from single organizations to networks? Each epistemic action of the cycle is critical in sustaining and carrying on a shared learning process. Will that process go on and generate new levels of activity, or will it lead to a fragmentation? It was already pointed out that the levels are compensatory and provide robustness and the continuation of collaboration. This is a central finding in my study that I will put forth as a contribution to the theory of expansive learning. Integration of a vertical dimension in expansive learning may even strengthen the dynamics of the cycle, by introducing the idea of concurrent and contradictory movement of learning from above and learning from below.
The cultural-historical activity theory, as the frame of reference, helps make a useful conceptual distinction between the object of activity and the tools of activity. Both refer to socio-material constructions mediating social relations, and both may be analyzed by observing material artifacts found in workplace practices -including physical entities, forms of social interaction and organization, concepts etc. In this paper, I have addressed the objects that constitute the motivation for activity, collaboration, co-configuration, and learning, particularly in a networking context. However, the object-tool distinction is empirically not at all clear-cut. What makes the analysis of emerging objects interesting, are the ongoing shifts of artifacts from objects of activity to tools of activity and back.
The concept of boundary object is one attempt to describe these shifts. It includes the idea of material artifacts, objects, and tools as active contributors to the shared understanding of what is strived for and produced together in distributed work practices.
Notes
goals of this research and the methodology employed here are simpler. My interest in network morphology has no intrinsic basis (…)" (Chisholm, 1989, p. 79) . 6 Unlike financial and human capital, social capital "… is a thing owned jointly by the parties to a relationship. No one player has exclusive ownership rights to social capital. If you or your partner in a relationship withdraws, the connection, with whatever social capital it contained, dissolves. If a firm treats a cluster of customers poorly and they leave, the social capital represented by the firm-cluster relationship is lost" (Burt, 1992, p. 9) . 7 "It is worth noting, that while the work of Burt and Granovetter has usually been perceived as theoretically compatible, there is one significant dividing point. That is, where Granovetter highlights the benefits that all actors, essentially in terms of reciprocal exchanges, can accrue through networks and the development of trustworthy interactions, Burt's works concentrates [sic!] on the distribution of power, control, and the ability to competitively exploit networks" (Huggins, 2000, p. 29) . 8 In my view, entrepreneurial networks are flat only from the point of view of the player. They are a center-periphery type, "You" in the center, having contacts disconnected with each other. Are these networks not hierarchical from the point of view of Your partner (if the partner, in general, is aware of belonging to a network setting)? The hole signature of entrepreneurial networks differs from the hierarchical in that no one contact poses dramatically more constraint than others, and all pose low constraint for a player (Burt, 1992, p. 142) . 9 The empirical analysis focuses on the opportunities and constraints associated with the promotion of managers in large companies. Throughout the study, Burt (1992) makes interesting distinctions between the opportunities and strategies of high-ranking men versus women (in all ranks) and entry-rank men, observed through the data. 10 The strategic actions in question are withdrawal from a given contact, expansion in terms of adding a new contact, and embedding by reorganizing the existing relationships in a way that gives a player more control (Burt, 1992, pp. 229-238) . Withdrawal, expansion, and embedding can further be elaborated as actions of collaborative object construction, thus appearing as promising conceptual tools relevant for the activity theory. 11 These metaphors have been persuasive to followers of ANT to the extent that Law (1999) warns about the risk of oversimplifying them: "…sociotechnical world is topologically nonconformable; if we try to imagine that it is topologically complex, a location where regions intersect with networks. (…) But -big but -this sensibility for complexity is only possible to the extent that we can avoid naturalizing a single spatial form, a single topology (Law, 1999, p. 7 ; italics in original text). 12 Callon (1986) points out that the terms actor-world and actor-network draw attention to two different aspects of the same phenomenon and that they are used interchangeably in the volume in question (Callon, Law & Rip, 1986) . Later, the term actor-network has been dominant. For instance, Law & Hassard (1999) do not discuss the "actor-worlds." 13 Miettinen (1999) has an illuminating comparison of the activity theory and actor-network theory, including discussion on heterogeneity, principle of generalized symmetry, and the meaning of human and nonhuman entities in an innovation network. 14 Recently, Engeström (2003) has discussed and elaborated the horizontal dimension of expansive learning in a multiorganizational context.
